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Issued THE NATIONAL RESEARCH CANADA 


VOL. 25, SEC. FEBRUARY, 1947 NUMBER 


STUDIES THE LIFE HISTORY TRICHOCEPHALUS 
VULPIS, THE WHIPWORM 


Abstract 


Under experimental conditions fully embryonated eggs 
vulpis hatch the small intestine dogs within min. after the eggs are fed. 
The larvae penetrate the intestinal mucosa within hr. after infection and 
that time may found deeply embedded. Between and hr. after infection 
the larvae become coiled and sluggish, and the majority are found lying the 
base the crypts Lieberkiihn the upper levels the small intestine. They 
not work their way back the lumen the intestine for least eight days, 
although there some evidence that they may return the lumen the 10th 
day after infection and are then carried passively down the large intestine. 
There some minor tissue destruction the larvae during their mucosal 


Introduction 


Davaine (2) did the first experimental work the life history whipworms. 
showed that eggs Trichocephalus trichiurus were passed undeve- 
loped state and required period eight and half months embryonate. 
Leuckart (6) was able embryonate eggs four five months and proved 
that the life cycle the whipworm did not require intermediate host. 
fed embryonated eggs ovis lamb; days later sacrificed the 
animal and autopsy found numerous larvae the caecum. repeated 
the experiment with crenatus swine, and was able recover whipworms, 
almost mature, four weeks after the eggs were (10) fed eggs 
vulpis two dogs; one received embryonated and the other unembryonated 
eggs. The dog fed embryonated eggs was sacrificed three months later and 
numerous whipworms were found, some the females passing eggs. The 
control animal did not become infected. 

Following the work Stewart (11) the lung migration the larvae 
ascaris, interest was revived the life history whipworms. Neshi (9) 
working with vulpis dogs concluded, after feeding embryonated eggs 
and finding several larvae the lung tissue, that whipworms required 
larval lung migration their development. Tochihara (12) working with 
eggs vulpis and using dogs and rats hosts reported that the eggs 
hatched the stomach and small bowel one hour after ingestion, and that 
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the larvae remained the intestine until they were completely developed. 
found evidence lung migration the larvae and stated that develop- 
ment maturity required approximately one month. (3) working 
with rabbits and species whipworms monkeys could find 
evidence lung migration the larvae. 


Hasegawa (4) fed embryonated eggs vulpis dogs and followed the 
larval development. found that the eggs hatched the lumen the 
small intestine and penetrated the villi the small bowel where they remained 
for period approximately two days. They never penetrated deeper than 
the submucosa but remained coiled the crypts Lieberkiihn, the cells 
which were destroyed. Seventy hours after infection, larvae appeared the 
caecum, where the number gradually increased; without further migration 
they developed into adults. 


Hirasawa (5) working with vulpis and trichiurus could find 
evidence lung migration the larvae. 


Matsubayashi (7) working with vulpis rats, found that eggs hatched 
the small intestine one-half hour after ingestion. The larvae then pene- 
trated the mucosa the small bowel leave and re-enter intervals. 
Finally after period from six nine days, larvae started disappear 
from the mucosa and became more numerous the lumen, shortly after 
which they disappeared altogether; apparently further development the 
rat was impossible. 


The present investigation was undertaken attempt elucidate the 
early course Trichocephalus vulpis infections dogs, particularly ascertain 
whether there migration the larvae through the lungs the course 
their development. The results obtained, while essential agreement with 
the majority references cited above, bring out several interesting points 
variance with previous work. 


Materials and Methods 


Eggs Trichocephalus vulpis used the experimental infections were 
collected the brine centrifugal-flotation method and incubated 33° 
36° Petri dishes having diameter cm. Bacterial growth was 
kept down adding few drops 10% formalin the suspension eggs 
water. When the eggs contained well-developed vermiform embryos (Fig. 1), 
they were removed from the incubator and stored stoppered bottles 
room temperature. The eggs were utilized shortly after reaching their full 
development and were never allowed remain storage for any length 
time, they lost their viability very rapidly. Before eggs were used any 
experiment they were tested for viability crushing them under cover 
glass and observing the larvae for motility. Often batch eggs was found 
non-viable and was discarded. 

The dogs used the present investigation were sacrificed either injecting 
ether into the heart electrocution. Immediately after death the 
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peritoneal cavity was opened and the digestive tract removed. The tract 
was separated into several sections representing the stomach, duodenum, 
jejunum, ileum, caecum, colon, and rectum. Each segment was then opened 
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Fic. Fully embryonated infective egg vulpis. 
Twenty-four-hour-old larva vulpis from superficial mucosal scrapings 


duodenum. 
Fic. larva vulpis from deep mucosal scrapings jejunum. 
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and examined, except that, animals sacrificed more than hr. after 
inoculation, the stomach was not included the examination. Examina- 
tions for larvae were conducted the following manner: first, superficial 
scrapings the mucosa were made and the material placed large glass 
slide, thoroughly mixed with physiological saline, another glass slide super- 
imposed, and the preparation carefully searched under 100X magnification. 
Following this, deeper scrapings the mucosal wall were made and examined 
similar manner. Usually about fourth the entire mucosa was 
examined this way. When larvae were found they were studied both 
alive and after being killed gentle heating. was found necessary use 
the oil immersion lens order study the internal anatomy the very 
young larvae. The liver and lungs were examined for larvae mincing the 
tissue physiological saline and examining the sediment the resulting 
fluid; addition, bits the tissue were compressed between glass slides and 
examined directly. 

During the first hr. infection five animals were examined, the first, 
min.; the second, one hour; the third, five hours; the fourth, hr.; and 
the fifth, hr. after the feeding eggs. The development the larvae for 
the next three days was studied sacrificing and examining animals after 
hr., hr., and hr., respectively. After the fourth day, infections were 
studied every hr. Development was followed till the 10th day after 
inoculation. 

Results 

total dogs was used this experiment; detailed information 

presented the following protocols. 


Protocol No. 

This animal was inoculated with 250,000 fully embryonated, viable vulpis 
eggs, and was sacrificed min. after inoculation. Post-mortem examination 
revealed few embryonated eggs the stomach, but larvae. The duo- 
denum contained numerous embryonated eggs, few eggs the act hatch- 
ing, and considerable number larvae. The jejunum and upper part 
the ileum contained fair number larvae, well embryonated eggs. 
The lower part the ileum contained number embryonated eggs and 
empty egg shells. The large bowel was negative for eggs larvae. 


Protocol No. 

This animal was given 40,000 infective-stage Trichocephalus eggs and was 
sacrificed one hour later. Post-mortem examination the gut revealed 
numerous unhatched eggs the stomach. The duodenum contained few 
unhatched eggs. The jejunum and upper ileum contained motile larvae and 
empty egg shells. The lower ileum and upper part the large bowel con- 
tained only embryonated eggs. 


Protocol No. 
This animal was inoculated with 80,000 fully embryonated eggs and was 
sacrificed five hours later. Examination the gut showed the stomach 


Fic. Section through middle third jejunum dog showing 48-hr.-old vulpis larvae 
Print overdeveloped bring out the two larvae indicated arrows 

Material above under higher Note mouth spear 
head end larva, and absence larval stage. 

Fics. 6and through upper third jejunum dog, showing 96-hr.-old vulpis 


situ. 


larvae situ. Note absence tissue reaction and very slight evidence tissue damage. 
this stage the larva has assumed coiled position (magnified and 195 respectively 
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entirely free eggs larvae. search the duodenum revealed 
numerous active larvae, but unhatched eggs empty egg shells. The 
jejunum contained numerous larvae and was free unhatched eggs egg 
shells. search the ileum revealed active larvae small numbers. The 
distal tip the ileum was filled with bulky faeces, containing numerous egg 
shells and fair number torpid, very sluggish larvae. The caecum con- 
tained egg shells, dead larvae and few sluggish, living larvae; only one 
actively motile larva was seen. The remainder the large bowel contained 
numerous egg shells and dead larvae. 


Protocol No. 

This animal was inoculated with 300,000 infective-stage eggs and was 
sacrificed hr. later. Post-mortem examination the gut showed the stomach, 
duodenum, and upper two-thirds the jejunum free larvae eggs. 
The lower third the jejunum contained numerous, actively motile larvae. 
The upper half the ileum contained few active larvae, and the lower half 
very few active larvae. The caecum contained few dead larvae and egg 
shells, but living larvae. remainder the large bowel contained egg 


shells and unhatched eggs. 


Protocol No. 

This animal received inoculation 250,000 infective-stage eggs. 
Twenty-four hours later was sacrificed. Post-mortem search showed the 
stomach entirely negative. Superficial scrapings the duodenal 
mucosa revealed numerous active larvae, while deeper scrapings showed 
few active larvae. Larvae were quite numerous throughout the jejunum 
both superficially well the depths the mucosa. Superficial scrapings 
the upper third the ileum revealed small number larvae and deeper 
scrapings larger number. The middle third the ileum revealed very 
few larvae the superficial scrapings, but none the deeper mucosa. 
larvae were found the lower third the ileum the large bowel. 

The hr. larva had elongated slender body, and exhibited active 
motility. measured about 0.36 mm. length and width its 
widest diameter. The body was widest the anterior end. tapered 
slightly the anterior tip and more markedly towards the posterior end 
the body. The tail ended bluntly. The alimentary canal consisted thin 
anterior portion, which ran one-fifth the body length and then gradually 
broadened into wider region, which ran throughout the body end 
well-defined anus the caudal extremity. The posterior portion the 
alimentary tract showed very little differentiation from the surrounding 
tissues. was well defined mouth spear, but evidence genital 


primordium (Fig. 2). 


Protocol No. 

This animal was sacrificed hr. after inoculation with 250,000 infective- 
stage eggs. Post-mortem examination the duodenum revealed few active 
larvae the superficial mucosa, and slightly larger number the deeper 
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areas the mucosa. The jejunum revealed numerous active larvae both 
the superficial and deeper areas the mucosa. The upper two-thirds the 
ileum showed reduced number active larvae the superficial and deeper 
scrapings. The lower third the ileum, the caecum, and the upper reaches 
the colon revealed small number active larvae the deeper regions 
the mucosa. The lower half the large bowel was negative. The liver 
and lungs were negative for whipworm larvae. 


The hr. larva resembled the hr. one very was slightly 
larger, measuring 0.39 mm. length, and still exhibited considerable 
motility. 

Sections were made tissue taken from the middle the jejunum. They 
revealed larvae linear position, situated within the crypts Lieberkiihn, 
the majority lying between the base the goblet cells and the basement 
membrane. There was evidence host tissue reaction cellular destruc- 
tion this stage (Figs. and 5). 


Protocol No. 


This animal was inoculated with 250,000 infective-stage eggs and was 
sacrificed hr. examination indicated that the duodenum 
was negative. The upper half the jejunum revealed one dead, partially 
encapsulated larva the lumen mucus, few dead larvae superficial 
scrapings, and small number active larvae the deeper scrapings, the 
mucosa. The lower fourth the ileum revealed few dead and few active 
larvae, both the superficial and deeper regions the mucosa. The remain- 
ing areas the alimentary tract were negative. The liver and lungs were 
negative for whipworm larvae. 

The larvae the hr. infection were very similar the one- and two-day 
larvae described above. 


Protocol No. 


Ninety-six hours after this animal received inoculation 250,000 
infective-stage whipworm eggs, was sacrificed and examined. The duo- 
denum showed few active larvae the superficial scrapings, and fairly 
large number the deeper areas mucosa. search the upper half 
the jejunum revealed few larvae the lumen mucus, and large number 
the scrapings the mucosal tissue. The lower half the jejunum con- 
tained few larvae the superficial scrapings, but none were found the 
deeper scrapings the mucosa. The upper third the ileum was negative, 
while the lower two-thirds revealed very few larvae from extensive scrapings 
the mucosal layer. Many scrapings the caecal mucosa revealed one 
larva. The colon was negative. larvae were recovered from the liver 
and lungs. 

The four-day larva did not show any marked anatomical changes from the 
preceding three stages described, although there was slight thickening 
the body. Its motility, however, was greatly decreased and was sluggish 
type. most cases had become coiled. 
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Tissue from the upper third the jejunum was sectioned. Larvae were 
found coiled the crypts Lieberkiihn. There was evidence host 
tissue reaction, but minor gland tissue destruction could seen the 
immediate vicinity the parasite (Figs. and 7). 


Protocol No. 

This animal was sacrificed six days after receiving inoculation 300,000 
infective-stage eggs. Post-mortem examination the duodenum revealed 
small number larvae the superficial and deeper levels the mucosa. 
The upper half the jejunum contained numerous larvae the superficial 
mucosa, and smaller number the deeper regions; the lower half the 
jejunum, larvae were numerous both the superficial and deeper areas; 
the upper half the ileum, there were few larvae the superficial scrapings, 
and still smaller number the deeper scrapings the mucosal tissues; the 
lower half the ileum, one larva superficial scrapings the mucosa. The 
intralumen contents the caecum contained several dead and degenerating 
larvae. Scrapings the caecal mucosa revealed fair number tightly 
coiled larvae, showing motility but living. The colon was filled with 
faeces, which contained numerous dead and degenerating larvae. Scrapings 
the wall the colon revealed small number coiled liver 
and lungs were negative for larvae. 

The six-day larva (Fig. showed certain morphological changes from the 
preceding forms. There was little increase length, but the body was almost 
twice wide the 24-hr. larva, being about diameter. This larva 
showed the first differentiation the gut into distinct oesophageal and 
intestinal regions. The larvae most cases were tightly coiled condition, 
and exhibited only very sluggish motility. 

From this autopsy portion the jejunum was sectioned. The sections 
contained larvae throughout the lower two-thirds the mucosal layer. The 
majority occurred the crypts Lieberkiihn, but not infrequently larvae 
were seen the stroma itself. They were never found below the muscularis 
mucosae. There was evidence that the larvae provoked any cellular 
reaction the host nor was there any sign tissue encapsulation the 
parasite, only evidence some mechanical damage the host tissue, and 
more characteristically, liquefaction cells the immediate vicinity the 
larvae (Figs. 14). 

The majority the larvae were lying coiled up. However, occasionally 
larva was seen linear position the upper half the mucosa while 
position directly below could seen area tissue detritus suggesting 
that the larva had left its location and was migrating towards the lumen 
the bowel (Figs. and could possibly mean that certain larvae 
start their migration out the small bowel mucosa early the sixth day 
following infection. 
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Protocol No. 

This animal was inoculated with 300,000 infective-stage eggs, and sacrificed 
eight days later. examination superficial scrapings the duodenum 
proved negative for larvae. Deeper scrapings, however, revealed 
numerous larvae showing slightly more motility than the larvae the six-day 
infection. Except for the presence one tightly coiled larva the superficial 
scrapings the lower third the ileum, the remainder the gut was entirely 
negative for larvae. larvae were found the liver and lungs. 


The eight-day larvae differed little from the six-day forms. However, they 
appeared show slightly more motility, and were not tightly coiled. 


portion the duodenum taken from this autopsy was sectioned, and 
revealed numerous larvae concentrated the base the crypts Lieberkiihn, 
and the adjacent tissues (Figs. the six-day infection, 
most the larvae were coiled position, but few larvae were seen 
linear state suggesting migration towards the lumen the bowel. The 
reactions were found similar those described above 
the six-day infection. 

Protocol No. 

This animal was fed 300,000 infective-stage eggs and sacrificed days 
later. Post-mortem examination revealed one coiled larva the deep scrapings 
the duodenal mucosa, although superficial portions were found negative. 
Superficial scrapings the upper half the jejunum revealed one tightly 
coiled and four uncoiled larvae. Only one showed slight motility; the 
remaining four appeared dead. The deeper scrapings were negative. 
Examination the lower half the jejunum revealed one coiled larva the 
deeper levels the mucosa. The upper two-thirds the ileum contained 
very small number apparently dead larvae the superficial areas the 
mucosa. The lumen contents the lower third the ileum, however, 
harboured numerous, mostly uncoiled larvae, exhibiting slight motility. 
Scrapings the mucosal wall this region did not reveal any 
ficial scrapings the caecum revealed fairly numerous larvae uncoiled 
state, exhibiting slight motility, also few degenerating forms. the deeper 
levels the mucosa very few tightly coiled forms were found. small 
number larvae was recovered from the superficial scrapings the colon. 
Liver and lungs were negative for larvae. 


larvae lying just above the muscularis mucosae. disorganization 
normal tissue arrangement (X50 and X175, respectively 

Fic. Partially coiled larva (X80). relatively minor tissue damage. 

Larva lying coiled the stroma between the bases the crypts 

Evidence minor tissue destruction. 

Fic. Enlargement Fig. (X175). 

Fic. 12. Larva lying lengthwise crypt Lieberkiihn. Note almost complete destruc- 
tion gland cells base crypt 

Fics. and 14. This larva appears migrating towards the lumen the bowel. 
Note the disorganization cells the base the crypt represented dark-staining cellular 
detritus; this probably due the previous localization the larva (X175 and X80, 
respectively 


3 


— 
— 
A 


a 


PLATE III 


— 


| 


MILLER: LIFE HISTORY TRICHOCEPHALUS VULPIS 


The 10-day-old larvae differed little from the six- and eight-day stages. 
They were not much the younger larvae, except when they were 
embedded the deeper tissues. Motility was still very slight. only 
morphological change was hollowing out the proximal portion the 
intestine. 

Discussion 


The results the experiments showed that the egg hatches the upper 
part the small bowel. This may occur soon half hour after inges- 
tion. That hatching does not occur the stomach was demonstrated the 
recovery unhatched eggs this organ the same time larvae and un- 
hatched eggs were found the intestine. These findings not agree with 
those Tochihara (12), who reported that hatching occurred the stomach 
well the intestine. possible that his experiments regurgi- 
tation the duodenal contents carried the larvae back into the stomach. 
Matsubayashi (7) found that hatching vulpis eggs always occurred 
the intestine rats. From the studies the extracorporeal hatching 
the eggs (Miller (8) which was demonstrated that hatching never 
occurred the gastric juice, not likely that hatching occurs the 
stomach. 

Hatching usually takes place the duodenum upper half the jejunum, 
the majority newly hatched larvae are usually found those areas. 
However, not unlikely that eggs may hatch lower levels the intestine, 
but probably never below the upper half the ileum. 


Following the escape the larvae from the egg shells, large percentage 
lose their viability and are carried out the body the faeces. This con- 
clusion has been reached result the large numbers dead and dying 
larvae recovered the 1-, 5-, and 10-hr. infections. Within hr. some 
the larvae have worked their way deeply into the mucosa the bowel, usually 
through the crypts Lieberkiihn. Others remain the surface and are 
later carried, probably the peristaltic movements the gut, into the lower 
levels the small bowel and even the large bowel, has been demonstrated 
the recovery actively motile larvae these levels the second-, fourth- 


Fics. and 16. Larva lying coiled the base crypt the gland cells 
Note dark staining cellular detritus (X80 and X175, respec- 
tively 

Fic. 17. Coiled larva base crypt. Note destruction glandular tissue and dark- 
staining cellular detritus 

Fic. 18. Larvae lying coiled the base crypt Lieberktihn. Note expansion 
crypt lumen and thinning glandular wall, but relatively little tissue destruction 

Fics. and 20. Note dense staining tissue detritus either end larva (X80 and 
X175, respectively 

Fic. 21. Note the relative absence tissue destruction (X80). 
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and sixth-day infections, but not the earlier infections. However, seems 
likely that the larvae carried down, only those that work their way below 
the surface the mucosa survive, since these infections healthy, living 
larvae were never recovered from the lumen mucus. 

From the second the fourth day the larvae become sluggish and assume 
position. The six-day larvae are even more sluggish and for the 
part are still tightly coiled. study tissue sections the jejunum has 
revealed numerous larvae throughout the deeper two-thirds the mucosa, 
lying the crypts Lieberkiihn and the stroma. suggested earlier 
there some evidence that some the larvae start migrate back the 
lumen early the sixth day after infection. Larvae are never seen below 
the muscularis mucosae. The eight-day larvae resemble those the sixth- 
day and are concentrated the base the crypts and frequently the 
stroma short distance above the muscularis mucosae. The results obtained 
with the 10th-day infection suggest that this time the majority the larvae 
start migrating out the mucosa into the lumen the gut and are passively 
carried down the large bowel, where later development occurs. this 
period the majority the larvae were found the lumen the lower third 
the ileum, probably indicating passive transfer the large bowel. 
Although the migration the larvae from the upper parts the gut does 
not occur during the first eight days the infection, until later infections are 
studied cannot definitely stated that the larvae always migrate the 
lower levels the bowel early the 10th day. These results are not 
accord with those Hasegawa (4) who reported that the larvae first appeared 
the caecum hr. after infection, and the number then gradually increased. 
possible that Hasegawa mistook the appearance the caecum few 
larvae accidentally carried down peristaltic action for the true migration 
the larvae from the small intestine. not likely that larvae enter, 
leave, and re-enter the mucosa for period six nine days, suggested 
Matsubayashi (7) his experiments with vulpis rats, because the larvae 
are very sluggish from the fourth day onward. The fact that worked with 
abnormal host may explain his results. 

There very little increase size the larvae during the first four days. 
The sixth-day larvae, however, show marked increase thickness, and 
demonstrate for the first time well-defined oesophagus and intestine. The 
10th-day larva differs from the sixth-day form only widening out the 
lumen the intestine. figuring the newly hatched larvae Trichocephalus 
crenatus, Alicata (1) divides the gut into oesophagus and intestine. The 
present studies indicate that his conception probably erroneous, and that 
what refers intestine reality the still undifferentiated alimentary 
tract. The portion labels thinner, anterior portion 
the oesophagus. 

moulting the larvae was observed from the first the 10th day 
development, nor was moult the larva seen within the egg. there 
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little increase the size the larvae during the first days, likely that 
moult does not occur until later. 

The results the present experiments suggest that, disagreement with 
Neshi (9), but agreement with Fiilleborn (3) and Hasegawa (4), and others, 
there larval lung migration the life cycle vulpis. 


The mechanical damage caused the host the larvae vulpis 
relatively slight. probably due the fact that the activity the 
larvae is, best, weakly muscular type. Furthermore, beginning with 
the second the fourth day, the larvae become inactive and remain this 
state for considerable length time, probably until they migrate down 
the large bowel. However, there some evidence lytic destruction 
caused secretions the larvae, shown the liquefaction tissue cells 
the immediate vicinity the parasites. There possibly some minor 
cellular destruction host tissue cells, due pressure the larvae well. 
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THE RELATIVE INSECTICIDAL ACTIVITIES DDT AND 
RELATED ORGANIC 


Abstract 


Impregnated filter paper, and coated glass substrata, well direct spraying 
techniques were employed test the relative toxicity several organic mole- 
cules related DDT, contact insecticides against adult Drosophila melano- 
Anaesthetizing the flies for convenience handling did not affect 
observed mortalities. general both impregnated paper and coated glass 
(vial) techniques gave reproducible results. The former resulted unex- 
plained drop mortalities above certain dosage level, the latter gave some- 
what more uniform results. Direct spraying was superior when the chemical 
had fumigant effect also. 


1,2,3,4,5,6-Hexachlorocyclohexane and the difluoro analogue DDT, alone 
out chemicals tested, exceeded DDT effectiveness. The isomer 666 
exhibited strong fumigant but also long residual effect while the difluoro 
analogue lost toxicity rapidly. 

Removal one both chlorine atoms from the DDT molecule, 
alteration their positions, their substitution any radical other than 
interference with the trihalogen group DDT, the introduction 
double bond into the molecule, all seriously affected the insecticidal action 
the DDT. Arranged from the most the least toxic, the halogen analogues 
DDT have the following order: fluorine, chlorine, bromine, iodine. 


has long been recognized that the discovery some law relating the 
insecticidal activity organic molecules their chemical structure would 
untold value the synthetic insecticide industry. al. (13) 
have recently put forth evidence for one theory sucha relationship. Busvine 
(8), the other hand, considers that the search has been for relationship 
too simple and direct possible such complex phenomenon insecti- 
cidal activity. The problem can only solved when the results from 
innumerable comparative tests using series related chemicals against various 
insects are before us. The picture even then further complicated the 
observed results being largely function the methods used that the value 
comparison between experiments questionable (16). The following data 
are, hoped, small contribution the necessary mass evidence that 
will eventually settle the question this relationship lack relationship 
between toxicity and chemical structure. 

This investigation began under the impetus wartime needs when the 
summer 1944 the junior author co-operation with the Department 
Genetics, McGill University, began attempt rapidly assay the potential 
insecticidal properties number organic molecules being synthesized 
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the National Research Council Chemists McGill. The senior author 
followed this comparative testing during 1944-45 and 1945-46. Mean- 
while Dr. Browning and Dr. Fraser, Department Genetics, carried 
similar research McGill. All the investigators were constant communi- 
cation. This report, however, records only the work done Macdonald 
College, though reference sometimes made ideas originated the other 
workers and corroboratory results obtained them. 


Methods and Apparatus Employed 


Rearing and Handling the Test Animal 

All tests reported were conducted using adult Drosophila melanogaster 
uniform age the test animal. medium (14) containing one 
Royal Yeast cake per 227 gm. boiled potatoes was used throughout. The 
rearing cages and technique were those Stultz the earlier 
experiments the flies were manipulated the method adapters 
the work progressed was found convenient anaesthetize the flies for 


counting. 

All the flies one population were blown into collecting jar (large candy 
jar) and pad absorbent cotton moistened with 50% ether and 50% ethyl 
alcohol (95%) placed over the jar mouth where was held place the 
screw top. The jar was occasionally tapped until all flies were ‘down’. The 
population was then divided among two three pint milk bottles, stoppered 
with dry cotton. Larger numbers flies one bottle caused moisture 
condense the glass and insects stuck the bottle. About 600 flies were 
removed fime still another milk bottle where they were subjected 
more anaesthesia until all were completely inactive, then poured onto sheet 
white paper from which they were counted into the test cages (shell vials 
glass cylinders) with small camel’s hair brush. 


Conducting the Tests 
(a). the Impregnated Paper Technique 
The method exposing flies filter paper substratum impregnated 
with chemical, order test the toxicity that chemical, has been described 
the literature (17). 
Five more dosage levels the chemical under test were used along with 


equal number DDT dosages. The DDT used was recrystallized 


product from the Shawinigan Chemical Co. Dosages were chosen give 
wide range mortalities. vials lined with impregnated paper and loaded 
with flies each were used for each dosage, each seven eight different 
days. After each test the vials were cleaned boiling them solution 
concentrated sulphuric acid and sodium dichromate, washed hot water 
and finally dried oven. Chemicals, which when tested this fashion 
showed appreciable loss effectiveness over period two weeks after 
impregnation, were compared using vials flies each dosage 
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and completing the tests the same day which the papers were prepared 
the day following. 

Long term residual toxicity was measured testing, successive intervals, 
papers all impregnated the same date. 


(b). the Coated Vial Technique 


Dr. Browning (7) reported very satisfactory comparisons using the glass 
surface itself test substratum. Macdonald College this was effected 
using the same size shell vials were used with the paper technique. 
The vials were filled the brim with acetone solutions the test chemicals, 
then immediately emptied and inverted into wire basket where were 
left and vials were stored cardboard containers the 
dark. The procedure testing was then exactly the same for the paper 
technique. 

(c). Spraying the Flies Directly 

Spraying the flies cotton covered cylindrical cages was carried out 
using the continuous spraying technique McLeod (14) with the atomizer 
adjusted deliver ml. spray sec. The procedure was identical 
with McLeod’s except that molasses was substituted for honey the 
food plugs. Mortality counts were made after hr. 


Comparison Techniques 


Experiments Conducted 
(a). Flies Handled with and without Anaesthesia 


The handling flies under anaesthesia made the exact counting 
numbers possible, eliminated much apparatus, and eliminated possible selec- 
tion more light responsive individuals. seemed possible, however, that 
the anaesthetic might alter the biological response. This possibility was 
tested exposing flies handled each manner DDT coated 
dosage levels were tested each day each method, the experiment being 
repeated seven different days. The observed percentage mortalities are 
given Table Ia, and the regression lines for both sets 
data Fig. The same data were analysed the method analysis 
variance, using angular conversion values (5, and the results this analysis 
are tabulated Table 


Flies Introduced into Test Cages Before and After Recovery from the 
Anaesthetic 


Not all anaesthetized flies recover simultaneously. Thus, the flies are 
placed the vials while still inactive there possibility that the first 
revive may remove much the coating from glass surface. this were the 
case the flies any one sample would not all exposed equal dosages. 
Dr. Browning correspondence suggested this explanation mortality 
variation from vial vial the same dosage. The following experiment was 
designed test this theory. 
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fly population was anaesthetized, then divided into two lots. One lot 
was used stock DDT coated vials, the other group was counted out into 
clean shell vials. When the flies the clean vials were all active they were 
transferred coated vials inverting one vial over the other and gently 
tapping the flies down. Fifty vials each two dosages were used for each 
method. The mortalities observed are recorded Table II. 
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MORTALITY PROBITS 
a a 


0.8 
Loc 


Fic. curves for flies exposed DDT when handled with and without 
anaesthetic. 


Handled with anaesthetic: 
Handled without anaesthetic: 


(c). Flies Exposed Impregnated Papers and Coated Vials 


experiment was conducted determine the sensitivity the impreg- 
nated paper technique. Five different samples DDT were used: (1) 
orepared the McGill Chemistry Laboratory, (2) crystalline sample from 
the Shawinigan Chemical Co., (3) crystalline sample from the Geigy Co., 
(4) sample from pilot plant, (5) crude sample prepared chemist 
Macdonald College. The observed mortalities and regression lines are 
given Tables and and Figs. and 

direct comparison the paper and coated vial techniques was made 
using seven concentrations DDT. Mortality counts were made all 
replications after hr., the first four replications, however, were also counted 
after hr. compare the rapidity action. Tables and and Figs. 
and contain the observed results. 

peculiar drop mortality was observed the paper technique the 
above test, the dosage was increased from mgm. DDT per ml. 
acetone. preclude possibility error the complete experiment was 
repeated with counts made only after hr. The results are shown Table 
and Fig. 

The possibility that impregnating solutions might exhausted 
differential adsorption the solute (DDT) onto filter paper was tested 
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successively impregnating two batches papers with the same DDT solution 
(20 mgm. DDT ml. acetone) and comparatively testing papers 
from the two batches (Table VI). 

DDT has contact and stomach action but fumigant action. Hexa- 
chlorocyclohexane has known fumigant action. The paper and coated vial 
techniques were compared using the latter toxicant. Two dosages were used 
three different days. The mortalities observed are recorded Table VII. 


(d). Flies Exposed Direct Sprays 
Flies confined cylindrical glass cages with cotton ends were, during 
later comparisons, sprayed directly with suspension DDT prepared 
adding alcoholic solution water. The results are given Table VIIIa 
and Fig. Though the experiments were carried out different time than 
the paper and coated vial tests, some comparisons this spraying technique 
with the paper and coated vial techniques are possible. 


Discussion Results 
(a). Flies Handled with and without Anaesthesia 
Examination Table shows that there was statistically significant 
difference between the mean mortalities observed using anaesthetized and 
non-anaesthetized flies. degrees the difference between the 
experiment means for the two methods was difference least 


MORTALITY PROBITS 


Fic. curves for flies exposed DDT the impregnated paper and 
coated vial techniques (18-hr. exposure period 
Impregnated papers: 
Coated 


1.62 would necessary for significance. the physiology Drosophila 
upset anaesthetization, was not reflected the observed mortalities from 
exposure DDT. was assumed that this would hold true for other 
chemicals tested. 
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Flies Introduced into Test Cages Before and After Recovery from the 
Anaesthetic 

The mortalities shown Table not show any difference when 

inactive flies were allowed recover the test vials were not introduced 

until active. wider range vial vial mortality occurred with either 

method. far the evidence this limited test goes, lends support 

the suggested possibility that flies reviving first may deplete the available 
DDT dosage limited glass substratum. 


MORTALITY PROBITS 
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LOG 


Fic. regression lines fitted eye for different samples DDT. 
McGill (refined sample): 
Geigy (refined sample): 


MORTALITY PROBITS 


0-6 
LOG 


Fic. regression lines eye for different samples DDT. 
Shawinigan (refined sample): 
Pilot Plant (crude sample): 
Macdonald (crude sample): 
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(c). Flies Exposed Impregnated Papers and Coated Vials 


The impregnated paper technique was not sufficiently sensitive reveal 
any statistically significant difference between DDT samples from different 
sources different degrees refinement except the case one extremely 
crude oily product produced the College with this object mind (Table 
The very fact that the curves for the samples 


MORTALITY PROBITS 


(10x DOSAGE) 


Fic. curves for flies exposed DDT the impregnated paper and 
coated vial techniques exposure 


Impregnated papers: 
Coated vials: 


MORTALITY PROBITS 


3-0 


Fic. curves for flies exposed DDT the impregnated paper and 
coated vial techniques (24-hr. exposure 
Impregnated papers: 
Coated vials: 
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tested are nearly identical speaks well for the reproducibility results 
using this technique. 

The data Tables IVa, and leave doubt that vials coated with 
DDT from solution given concentration are more highly toxic than papers 


MORTALITY PROBITS 


Fic. curves for flies exposed DDT the impregnated paper tech- 
nique 18- and 24-hr. exposure 


exposure period: 
24-Hr. exposure period: 
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MORTALITY PROBITS 


0.3 


Loc 


Fic. curves for flies exposed DDT the coated vial technique 
18- and 24-hr. exposure periods. 
exposure period: 
impregnated from the same solution. The greater surface area offered 
the glass, the physical nature the glass surface making the entire deposit 


more readily available (1), and the possibility that the deposit the glass 
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where contact was made with the food plugs may have been imbibed and 
served stomach poison may all help account for this result. 


The kill both techniques was lower the end hr. than after hr., 
but the resulting toxicity curves are obviously parallel (Figs. and indicat- 
ing that results with either exposure would validly comparable. the 
end hr. many flies were still dying that slight differences the exact- 
ness the exposure period would greatly affect the observed mortalities. 
logical explanation has yet occurred the authors for the curious dropping 
off observed mortalities with increased dosage observed between the 
dosages and mgm. DDT per ml. acetone (Tables and 
using the impregnated paper technique. The chance that error might 
have occurred preparation the solutions was eliminated the repetition 
the experiment (Table Fig. when cellulose paper immersed 
dilute DDT solution the DDT itself were adsorbed more rapidly than the 
solvent, the first papers immersed would acquire larger amount DDT 
(i.e. higher dosage) than those immersed last. Such differential adsorption 
rate has been postulated occurring when the chitin insect cuticula 
immersed dilute DDT solutions (18). Some low dosage papers 
sample from which high mortality was expected might greatly lower the 
average observed mortality. evidence, however, such differential 
adsorption afforded mortalities from batches paper successively 
treated with the same solution (Table remains the possibility 
that solutions different concentration deposit crystals different sizes 
and thus affect mortality (1). 

Combining the data from several experiments which the same dosages 
DDT were used the paper technique results average mortalities based 
6000 flies each concentration (Table XVa). Similar combined data 
involving 3000 flies per dosage the vial technique are given Table 
The dosages used the paper technique were below mgm. DDT per ml. 
solvent and hence the drop mortality high dosages not shown. 
Examination the calculated regression lines (Fig. for 
these sets combined data reveal higher Chi? value (185) for the impreg- 
nated paper than for the coated vial technique. Part the larger value for 
the former accountable the basis the larger number flies involved 
(9, 14, 16) but nevertheless the coated vial technique seems yield data 
greater conformity with the straight regression line theory Bliss (2, 4). 
The slope the paper technique line steeper indicating greater rate 
increase mortality with increase dosage the dosages here tested. 


chemical having fumigant well contact effect, such hexa- 
chlorocyclohexane, gave, one would expect, much higher mortalities when 
tested papers than when deposited the vials (Table VII). 
Since this opposite the results obtained when DDT was used would 
seem suggest that the papers carry more the chemical than vials treated 
with equally concentrated solutions but less available for contact action 
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Neither technique satisfactory for assaying the contact effect 
when fumigant effect also present. 

Chemicals that gradually lose toxicity when exposed thin layers must 
assayed the day the surfaces are prepared either technique used. 

The impregnated paper technique better suited testing residual toxicity 
over long period when vials are used storage large numbers becomes 
problem. Coated vials can more quickly prepared than papers and allow 
greater ease counting mortality. With papers flies may become trapped 
between the paper and glass and die starvation injury. The coated 
vials, previously mentioned, may encourage some feeding the toxicant 
the margin the food plugs. 


MORTALITY PROBITS 


0-25 0-65 1-05 
Fic. regression lines for flies exposed DDT the coated 
impregnated paper, and spraying techniques. 
DDT coated 
Regression line formula 5.268 1.330 +0.915). 
Chi? 30.994. 
Variance for position (a) 0.0010. 
Variance for slope 0.0091. 
DDT impregnated papers: 
Chi? 185.07. 
(a) 
0.0337. 
DDT spray: 
Line fitted eye. 
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(d). Flies Exposed Direct Sprays Compared with Those Exposed Other- 
wise 

Examination Fig. reveals the regression line obtained 

spraying the flies directly with DDT suspension reasonably parallel 


with the line for impregnated papers (combined data) and hence somewhat. 


steeper than that obtained with coated vials. must remembered that 
direct spraying measures the immediate contact effect (and possible stomach 
effect any imbibed) while the paper and coated vial techniques measure 
residual contact effect. The open cages and short exposure (one-half hour 
after spraying before transfer) make direct spraying somewhat more suitable 
for testing chemicals having fumigant well contact effects. 


Comparison Chemicals 


Experiments Conducted 
isomer DDT) 


Five dosage levels were used the paper technique and the test replicated 
eight different days. Table and Fig. show the average observed 
mortalities and the calculated regression was 
not tested the same populations but the DDT line based 6000 flies per 
dosage (Table XVa) has been inserted the graph for 

Any possible synergistic effect due the presence the isomer 
commercial DDT was tested using four dosages DDT alone and com- 
bination with four dosages its isomer. The impregnated paper tech- 
nique was used. The observed mortalities are given Table and the 
results analysis variance using angular conversion values and aimed 
showing any interaction the effects the chemicals used mixtures 
appear Table 

1,1-Bis-(p-iodophenyl)-2,2,2-trichloroethane 


C—Cl; 


Using the paper technique Drosophila was exposed dosages high 
500 mgm. per ml. alcohol, without any mortality being observed. 
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1,1-Bis-(p-bromopheny])-2,2,2-trichloroethane 


C—Cl; 

Five dosages were used the impregnated paper technique and the 
experiment replicated eight times. Table and Fig. set forth the 
results. single DDT dosage was tested the same populations and 
through the point thus obtained regression line has been drawn parallel 
that obtained from the data 6000 flies per dosage, i.e., the data Table 
XVa. 

(active principle Ger- 
man insecticide ‘Gix’ (12) 


C—Cl; 


Six dosages were tested parallel with six dosages DDT using the 
coated vial technique (Table 

Flies confined cylinders wire gauze were placed vials coated with 
dosage mgm. this difluoro analogue DDT per ml. acetone. 
Mortality after hr. was only 6.7% although this dosage level killed nearly 
100% contact. The check mortality using wire gauze cylinders 
untreated vials was 1.3%. 

Mortalities observed when three dosages were used and vials employed 
the same day each dosage are shown Table and Fig. DDT 
was tested parallel with this series. 


C—Cls 


Six dosages the dimethyl analogue DDT and similar number DDT 
were tested parallel the paper technique (Table XIII, Fig. 14). 
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Concentrations high 500 mgm. per ml. alcohol tested the 
paper technique gave mortality. 


Using the coated vial technique five dosages this chemical were tested 
parallel with five DDT dosages (Table XIV, Fig. 15). 


1,1-Diphenyl-2,2,2-trichloroethane 


dosage 150 mgm. per ml. acetone the coated vial technique 
gave only mortality. 

(DDD) 

The chemical tested was commercial sample supplied the Rohm and 


Haas Co. 


Preliminary tests indicated loss effectiveness over period time. 
Five dosages were tested parallel with five dosages DDT using the coated 
vial technique and exposing vials each dosage, hr. after coating the 
vials (Table and Fig. 17). 


10. (‘Carbinol DDT’) 


The toxicity exposed surfaces fell off rapidly testing was completed 
one day. Five dosages were compared with equal number DDT 
dosages using the coated vial technique and vials for each dosage (Table 
and Fig. 19). 
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11. 


This compound lost toxicity rapidly exposure. Five dosages were 
tested parallel with DDT using coated vials for each dosage each 
chemical (Tables XVIa and XVIc and Fig. 18). 


12. 


This chemical has irritating odour and flies exposed concentrated 
fumes succumb readily. Impregnated papers were used measure the loss 
toxicity over period three months (Table XVII). 


13. p-Chloroacetophenone 


This material also has acrid odour and toxic fumes. The long term 

residual effect was tested using impregnated papers over period three 
months (Table XVII). 


Using wire gauze cylinders containing flies vials lined with impregnated 
paper (0.25 mgm. 666 per ml. acetone), 150 flies (10 vials) were 
tested each three successive days. After hr. the mortalities averaged 
20% but would have been much greater with longer exposure period (10, 
19). Check mortalities were only 1%. 

Eight dosages were prepared dissolving different amounts 666 ml. 
lots acetone and diluting each such solution with ml. distilled water. 
the concentrations used precipitation the water did not occur. The 
eight dosages were tested the direct spraying technique. One DDT 
dosage was similarly tested the same populations. The DDT was dis- 
solved alcohol instead acetone because solutions the former solvent, 
when diluted with water, give colloidal suspension the solute, while the 
DDT from acetone solutions precipitates flake form when water added. 
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Twenty cages flies were used each dosage and the experiment replicated 
four times. Percentage mortalities observed are listed Table and 
the regression line for 666 given Fig. along with 
DDT line drawn through the determined point and parallel the line deter- 
mined for DDT when DDD and DDT were compared. 
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3.4 
LOG 
Fic. 10. regression lines for flies sprayed with 666 and with DDT. 
666 spray: 

Chi? 9.1550. 
(a) 0.0003. 
(b) 0.0116. 


DDT spray: 
Line fitted 


0.25 mgm. per ml. acetone, and later 
0.1 and 0.05 mgm. per ml. was tested parallel with DDT for residual 
effect over period four months (Table 


15. p-p-Dichlorobenzophenone 


dosage mgm. per ml. acetone was ineffective the coated 
vial technique. 


16. 


mgm. per ml. acetone this material was ineffectively tested 
the coated vial technique. 
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17. Bis-(p-chlorophenyl)-sulphone 


Results with Nos. and 16. 


18. p-Dichlorobenzene 


Results with Nos. 15, 16, and 17. 


Discussion Results 


DDT. The isomer DDT the major impurity the 
commercial product and hence great interest. Using Fig. and com- 
paring the dosages required kill 50% the population, this chemical, 
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Loc 


Fic. regression lines for flies exposed DDT and its isomer 
the impregnated paper technique. 
DDT impregnated papers: 
Line fitted eye. 
DDT impregnated papers: 


2.8701. 
(a) 0.0002. 
0.0041. 


tested the impregnated paper method was 1/145th active DDT. 
The toxicity curves are definitely parallel suggesting similar mode action. 
This parallelism marked that suspicion arises. The isomer used 
was isolated from crude DDT and may well have contained some DDT. 
amount 0.25% weight DDT would account for the observed 
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toxicity. correspondence the McGill workers have indicated that pure 
sample the isomer was quite inactive. Busvine (8) working with 
Cimex lectularius and Pediculus humanus attributes slight activity the 
o-p isomer. The history the sample used not given. (11) 
reports DDT times toxic its isomer houseflies. 

Table shows complete lack interaction and hence presumably 
synergism, the action DDT and DDT (8) reports 
similar findings. 

The di-iodo analogue DDT. The complete inactivity this molecule 
seems unexpected result and establishes the importance the chlorine 
atoms the the rings. 


MORTALITY PROBITS 


Loc 


Fic. regression lines for flies exposed DDT and its difluoro 
analogue the coated vial technique. 
Difluoro analogue: 


The dibromo analogue DDT. The regression lines (Fig. 13) give 
toxicity 1/26 relative DDT, for this analogue. The curious break the 
dibromo line might indicate change mode action the presence 
second toxicant such DDT small amounts. 

The difluoro analogue DDT. Tested hr. after coating the vials the 
difluoro analogue was nine times toxic DDT (Fig. This places the 
order toxicity the halogen analogues fluorine, chlorine, bromine, and 
iodine. Volatility, however, here adds complicating factor estimating 
test results. Toxicity was lost rapidly (Table XIIa). The slope the 
regression line for difluoro DDT much steeper than that for DDT that 
comparisons will depend the level mortality which they are made. 

The fumes this chemical were alone slightly toxic has already been 
stated. 

Since difluoro DDT appears have been the active principle the German 
wartime insecticide ‘Gix’ this analogue especial interest. 
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The dimethyl analogue DDT. The extremely low toxicity this 
analogue interest view the high toxicity reported for the methoxy 
analogue latter material was not tested during this work. 
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0-0 3-25 


LOG 


Fic. regression lines for flies exposed DDT and its dibromo 
analogue the impregnated paper technique. 
DDT: 
Dibromo analogue: 
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Fic. regression lines for flies exposed DDT and its dimethyl 
analogue the impregnated paper technique. 
DDT: 
Line fitted eye. 
Dimethyl analogue DDT: 


The analogue DDT. The addition the methyl 
groups resulted complete loss the slight activity registered the 


dibromo analogue. 
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reported common impurity commercial DDT. Calculated from 
Fig. 15, has toxicity 1/90 that DDT the 50% kill point. The 
slope the line less steep than for DDT. 


MORTALITY PROBITS 


Fic. regression lines for flies exposed DDT and 
1-p-chlorophenyl-2,2,2-trichloroethane the coated vial technique. 


DDT coated vials: 


MORTALITY 


LOG 


Fic. 16. Probit-log—dosage regression lines for sprayed with DDT and with DDD. 
DDT: 
DDD: 


The non- toxicity low toxicity 
this compound tested here and Busvine (8) gives further evidence 
the importance the chlorine atoms the rings. 
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DDD. loss toxicity exposure this material was established 
preliminary tests. The toxicity relative DDT the median lethal dosage, 
established Fig. 17, the spray technique, however 
(Fig. 16), was one-third toxic, bearing out earlier conclusion the 
junior author (16) that observed comparative toxicities are largely functions 
the technique used the materials under test. Busvine (8) rated DDD 
very toxic lice and bedbugs, being exceeded toxicity only two com- 
pounds, dimethoxy DDT and DDT. The commercial manufacture and 
advertising DDD with view its sale insecticide makes highly 


interesting molecule. 


MORTLITY 


0-0 


Fic. regression lines for flies exposed DDT and DDD the 
coated vial technique. 


DDT: 
Line fitted eye. 


Chi? 30.6501. 
(a) =0.0033. 
(b) =0.0334. 


10. Carbinol DDT. The toxic effect carbinol DDT lost rapidly 
exposure (Table XVIa). Tested hr. after coating the vials (Fig. 19), 
appears 1/25 toxic DDT making one the more toxic materials 
tested. The toxicity curve almost parallel that DDT. Busvine (8) 
records carbinol DDT slightly toxic lice. 

11. Marked its rapid loss 
toxicity, this compound was nevertheless 1/40 active DDT when tested 
hr. after the vials were coated. The toxicity line again remarkably 
parallel (Fig. 18) with that for DDT and numerous others this group 
compounds. Non-parallelism was the exception rather than the rule. 

12. The toxicity this molecule was 
low compared DDT. numerical comparison possible the tests 
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made. The acrid fumes were shown toxic insects and the toxicity 
impregnated papers fell off strongly over three months especially the lower 
dosage tested (Table 


13. p-Chloroacetophenone. The nature and action this chemical was 
essentially the same that No. (Table XVII). 
14, The isomer hexachlorocyclohexane. 
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2-4 

Fic. regression lines for flies exposed DDT and p-chloro-a- 
trichloroacetophenone the coated vial technique. 

DDT: 

Line fitted eye. 


Chi? 6.1631. 
(a) 0.0014. 
(b) 0.0577. 


direct spraying technique was used minimize the fumigant effect (10, 
19) this chemical comparisons. Estimated from Fig. Gammexane 
was times toxic DDT the 50% mortality point. The toxicity line 
for Gammexane extremely steep that comparisons will depend the 
point selected for comparison. Barnes (1) testing Gammexane against bed- 
bugs found more effective than times the dosage DDT, but five 
months later the residue was non-toxic whereas the DDT residue remained 
highly active. Attempts made the authors measure the loss activity 
Gammexane impregnated papers failed reveal any drop toxicity 
after four months (Table even with dosage low 0.25 mgm. 
per ml. acetone. Unfortunately, the dosage chosen gave 100% kill 
all tests and may have been high that the loss did not register. 


The phenomenal toxicity this molecule especially interesting view 
its production commercial insecticide. 
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PROVERBS AND ACTION DDT AND OTHER MOLECULES 


15. p-p-Dichlorobenzophenone. 
16. 
17. 
18. p-Dichlorobenzene. 


Nos. 15, 16, 17, and were ineffective comparatively large doses. This 
result some interest connection with No. 
sulphone, which another common impurity DDT) and stated 
Lauger al. (13) highly toxic stomach poison. 


MORTALITY 


0-6 


Fic. 19. regression lines for flies exposed DDT and ‘carbinol DDT’ 
the coated vial technique. 


DDT: 
Line fitted eye. 
‘Carbinol DDT’: 
Chi? 
(a) 0.0330. 
(6) 1.1677. 


General Conclusions 


The limited evidence the data presented here suggests some tentative 
ideas the possible relationships between contact insecticidal action, 
tested here, and the structure the organic molecules. 

(a) Removal the chlorine from one phenyl group (No. reduced the 
effectiveness DDT 1/90, but removal the chlorines from both phenyls 
(No. resulted inactive compound. 

Alteration the p-p arrangement the chlorine atoms the 
groups, such DDT (No. reduced the toxicity 1/145. 


(c) Replacement the two chlorine atoms the groups other: 
halogens shows the order toxicity these substitutions 
(No. 4), chlorine, bromine (No. 3), iodine (No. 2), but the more highly toxic: 
fluorine analogue unfortunately loses toxicity rapidly exposure. 


3 
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(d) Replacement the substituted chlorines the phenyl groups 
groups other than halogens (No. and No. far the tests described here 
are concerned resulted greatly lowered toxicities. However, Busvine (8) 
and Barnes (1) have both found the methoxy analogue DDT almost 
toxic DDT indicate that the toxicity such substitutions may 
depend entirely the radicles substituted. 

(e) Unsaturated bonds (No. and No. 16) appear reduce the toxicity 
markedly. 

(f) Removal the trihalogen grouping (No. No. 15, No. 16) far 
was here attempted resulted considerable reduction activity 
slight alteration (No. complete inactivity with complete removal 


substitution (15). 
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PROVERBS AND MORRISON: INSECTICIDAL ACTION DDT AND OTHER MOLECULES 


TABLE 


HANDLED WITH AND WITHOUT ANAESTHETIZATION AND 
EXPOSED DDT THE IMPREGNATED PAPER TECHNIQUE (10 
VIALS EACH DOSAGE, REPLICATED SEVEN TIMES) 


— | Anaesthetized flies Non-anaesthetized flies 


Mgm. DDT per | 0.00 | 0.20 0.50 0.75 1.00 | 2.50 | 0.00 0.20 0.50 0.75 | 1.00 2.50 
10 ml. acetone) | 


% Mortality 0.76 
(based on 


2.96 | 12.8 34.2 41.9 72.4 0.32 | 1.74 | 14.88 34.8 |43.7 74.4 
| | 
totals) | | | | | 


TABLE 


ANALYSIS VARIANCE MORTALITIES (CONVERTED ANGULAR VALUES) melanogaster 
HANDLED WITH AND WITHOUT ANAESTHETIZATION AND EXPOSED 
DDT THE IMPREGNATED PAPER TECHNIQUE 


Days 496.32 12.4 2.29 
Dosages 21,174.64 132.4 2.56 


Standard deviation the difference between two means variates each 
Means: anaesthetized, 32.31°; 33.72°; difference, 1.41°. 


TABLE 


melanogaster EXPOSED DDT THE COATED VIAL TECHNIQUE FOLLOW- 
ING INTRODUCTION INTO VIALS (1) WHEN UNDER ANAESTHETIC, (2) AFTER RECOVERY 
(50 VIALS FOR EACH DOSAGE. ENTIRE TEST COMPLETED ONE DAY) 


Introduced when under Introduced after recovery 
anaesthetic 
Mgm. DDT per ml. acetone 0.00 0.25 1.00 0.00 0.25 1.00 
Average percentage mortality 0:75 89.8 0.50 50.3 87.6 


} 


melanogaster EXPOSED THE IMPREGNATED PAPER TECHNIQUE 
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TABLE 


DDT (10 VIALS FOR EACH DOSAGE, REPLICATED EIGHT TIMES) 


Sample No. 


(Refined) 
(Refined) 
(Crude) 
(Crude) 
(Refined) 


Source 


McGill 
Shawinigan 
Pilot Plant 
Macdonald 
Geigy 


FIVE 

Mgm. DDT per ml. alcohol 
Mortality (based totals) 

28.4 43.5 79.3 

34.7 50.0 77.1 

24.9 76.0 

4.28 16.9 19.6 


TABLE 


ANALYSIS VARIANCE MORTALITIES (CONVERTED ANGULAR VALUES) melanogaster 
EXPOSED THE IMPREGNATED PAPER TECHNIQUE FIVE DDT SAMPLES 


Sources 
variation 


Materials 
Dosages 
Days 
Error 


Total 


Sums squares 


17,299.2812 


Degrees 
freedom 


13,280.040 


Variance 


94.018 


point 
5.63 
141.3 5.63 
10.3 


Standard deviation the difference between any two ‘material’ means variates each 


Difference between ‘material’ means required for significance 5°. 


Material’ means No. No. No. No. No. 
31.40 34.76 32.29 13.15 34.76 
TABLE 


melanogaster EXPOSED DDT THE COATED VIAL AND THE IMPREGNATED 
PAPER TECHNIQUES; DETERMINE RELATIVE DIFFERENCES THE TWO 
TECHNIQUES (10 VIALS FOR EACH DOSAGE, REPLICATED FOUR 
TIMES, WITH EXPOSURE PERIOD HR.) 


Impregnated paper | Coated vial 


0.50) 0.75) 1.00) 1.50) 3.00)10.00) 0.00; 0.25) 0.50 


|56.0 41.0 | 0.00/19.3 |38.3 '39.8 \51.8 56.5 |81.2 


Mgm. DDT 
per 10 ml. 
acetone 


| 
}15.8 [26.7 


Average 0.0010.67/10.2 


mortality 


percentage | 


| | | 
4.29 
3.86 
3.49 
| 
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TABLE 


melanogaster EXPOSED DDT THE COATED VIAL AND THE IMPREGNATED 
PAPER TECHNIQUES; DETERMINE RELATIVE DIFFERENCES THE TWO 
TECHNIQUES (10 VIALS FOR EACH DOSAGE, REPLICATED SEVEN 
TIMES, WITH EXPOSURE PERIOD HR.) 


—— Impregnated paper Coated vial 


per 10 ml. 
acetone 
Date Average percentage mortality 

Jan. 23 0.0 OS 67.4 |79.4 |66.7 | 0.0 |33.3 |46.7 |65.3 |76.0 |85.4 |88.7 | 99.4 
Jan. 24 0.0) 1.3 | 6.0\23.3|40.0 |50.0 |73.4 |56.7 | 0.0 |20.7 |41.3 |52.6 |68.7 |76.0 |90.7 | 99.4 
Jan. 25 0.021.3 |78.0 |93.4 |81.4 | 0.7 |44.0 |78.0 |74.0 |92.0 |88.0 (97.3 |100.0 
Jan. 26 0.0! 2.7 |43.3/40.7|66.7 |84.0 |84.7 |72.7 | 0.0 {36.0 |52.7 |72.0 |70.7 |84.7 |94.7 | 98.0 
Jan. 31 0.0) 5.3 |39.3|46.0\62.7 |79.4 |85.4 |80.7 | 0.0 |28.7 |55.4 |58.7 |51.3 |69.4 |97.4 |100.0 
Feb. 1 0.0) 5.3 |23.3)/52.7|54.7 |64.7. |68.0 |74.0 | 0.0 |25.2 |46.7 |33.3 |43.3 |59.4 |86.7 | 98.7 
% Mortality 

(based on 

totals) 70.1 (81.8 |74.7 | 0.10)32.1 |52.1 |55.5 |65.8 |75.7 |91.7 | 99.3 

TABLE 


melanogaster EXPOSED DDT THE COATED VIAL AND THE IMPREGNATED 
PAPER TECHNIQUES; DETERMINE RELATIVE DIFFERENCES THE TWO 
TECHNIQUES (10 VIALS FOR EACH DOSAGE, REPLICATED EIGHT 
TIMES, WITH EXPOSURE PERIOD HR.) 


—— Impregnated paper Coated vial 


per 10 ml. 
acetone 
% Mortality 
(based 


TABLE 


melanogaster EXPOSED TWO BATCHES PAPERS SUCCESSIVELY IMPREG- 
NATED WITH THE SAME DDT MGM. DDT ML. 
ACETONE); CHECK POSSIBLE SOLUTION ADSORPTION THE 
SOLUTE (10 VIALS FOR EACH IMPREGNATION, REPLICATED TWICE) 


Check First Second 
impregnation impregnation 
Average percentage mortality 0.33 10.7 


4 
# 
| 
| | 
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TABLE VII 


EXPOSED 666 THE COATED VIAL AND THE IMPREGNATED 
PAPER TECHNIQUES; DETERMINE RELATIVE DIFFERENCES THE TWO 
TECHNIQUES WHEN INSECTICIDE USED THAT HAS BOTH 
FUMIGANT AND CONTACT EFFECT (10 VIALS FOR 
EACH DOSAGE, REPLICATED THREE TIMES) 


Impregnated paper Coated vial 


Mgm. 666 per ml. acetone 


Average percentage mortality 0.20 95.6 100.0 


TABLE 


FOR EACH DOSAGE. ENTIRE TEST COMPLETED ONE DAY) 


DDT 


Mgm. insecticide per ml. 0.0 
suspension 


Average percentage mortality 6.67 |51.3 92.3 


TABLE 


DDT. VIALS COATED WITH INSECTICIDE HR. PREVIOUS TESTING 
(40 VIALS FOR EACH DOSAGE, REPLICATED TWICE) 


Mem. of insecticide per| 0.0 F é 15.0 | 25.0 | 0.00 0.20; 0.35) 0.50 
10 ml. acetone 


Average percentage 0.42 | 49.8 | 60.6 | 69.6 | 78.8 | 92.7 | 0.25 | 41:7 | 69.3 | 76.5 | 87.4 | 95.3 
mortality 


DDD | DDT 
1.00) 2.50 
4 


PROVERBS AND MORRISON: INSECTICIDAL ACTION DDT AND OTHER MOLECULES 


TABLE 


melanogaster EXPOSED THE ISOMER DDT THE IMPREGNATED 
PAPER TECHNIQUE (10 VIALS FOR EACH DOSAGE, REPLICATED EIGHT TIMES) 


per ml. alcohol 

Date Average percentage mortality 

Oct. 0.6 13.9 42.5 55.6 67.2 70.0 

Oct. 0.4 14.6 41.4 57.8 69.1 76.6 

Oct. 0.0 18.2 30.9 45.7 49.3 54.8 

Oct. 4.7 16.4 36.6 50.3 50.0 48.1 

Oct. 14.8 66.0 88.2 92.1 

Oct. 16.6 47.1 69.5 83.7 

Oct. 0.6 8.9 20.0 38.3 50.0 

Oct. 0.0 6.8 12.2 19.8 38.0 48.4 

Mortality (based totals) 1.23 13.9 33.0 49.5 60.1 65.7 

TABLE 


melanogaster EXPOSED THE IMPREGNATED PAPER TECHNIQUE ALL 
POSSIBLE COMBINATIONS FOUR DDT AND FouR DDT 
TREATMENTS ALL (10 VIALS PER TREATMENT, REPLICATED EIGHT TIMES) 


Mgm. DDT per ml. alcohol 
Mgm. DDT 
per ml. alcohol 0.00 0.50 1.00 2.50 


Average percentage mortality 


0.00 1.60 18.5 43.4 79.2 

0.25 2.50 18.4 84.0 

1.50 1.75 20.8 44.1 73.3 

2.50 0.83 20.0 38.5 72.3 
TABLE 


ANALYSIS VARIANCE MORTALITIES (CONVERTED ANGULAR VALUES) melanogaster 
EXPOSED THE IMPREGNATED PAPER TECHNIQUE ALL POSSIBLE 
COMBINATIONS FOUR DDT AND DDT DOSAGES 


Degrees value 
Sources variation Sums Variance value for 
squares freedom point 
Days 7760.58 1108.65 37.16 2.19 
o-p DDT dosages 327.59 109.19 3.66 2.70 
Interaction DDT DDT 338.52 33.85 2.00 
Error 3106.54 104 29.87 


Note: For significant interaction, variance for interaction must equal least 
variance for error, 29.87 59.74. 


J 
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TABLE 


melanogaster EXPOSED THE IMPREGNATED PAPER TECHNIQUE 
AND DDT (10 
VIALS FOR EACH DOSAGE, REPLICATED EIGHT TIMES) 


1,1-Bis-(p-bromopheny])-2,2,2-trichloroethane DDT 
Mem. of insecticide per 0.0 2.5 5.0 25 35 55 75 100 2.5 
10 ml. of alcohol 
Mortality (based 6.35 7.07 13.2 39.2 88.4 99.7 


totals) | 


TABLE 


melanogaster EXPOSED THE COATED VIAL TECHNIQUE 
FLUOROPHENYL)-2,2,2-TRICHLOROETHANE, AND DDT. VIALS COATED ON: 
Oct. (10 VIALS FOR EACH DOSAGE TESTED SEVEN SUCCESSIVE DAYS) 


1,1-Bis-(p-fluoropheny])- 


DDT 
2,2,2-trichloroethane 


Mem. of insecticide per 0.10) 0.25 0.75| 1.00} 1.50} 0.00} 0.10) 0.25) 0.50) 0.75) 1.00} 1.50 
10 ml. acetone | | 


Date of test Average percentage mortality 


Nov. 1.3 8.0 |58.7 |52.7 |55.3 0.7 0.0 0.7 0.7 1.3 42.7 
TABLE 


melanogaster EXPOSED THE COATED VIAL TECHNIQUE 
FLUOROPHENYL)-2,2-2-TRICHLOROETHANE AND DDT. VIALS COATED 
WITH INSECTICIDE HR. PREVIOUS TESTING (40 VIALS FOR 
EACH DOSAGE. ENTIRE TEST COMPLETED ONE DAY) 


2,2,2-trichloroethane DDT 


acetone 


| 
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TABLE 


melanogaster EXPOSED THE IMPREGNATED PAPER TECHNIQUE 
(p-METHYLPHENYL)-2,2,2-TRICHLOROETHANE AND DDT (10 
VIALS FOR EACH DOSAGE, REPLICATED EIGHT TIMES) 


1,1-Bis-(p-methylpheny])- 
2,2,2-trichloroethane 


10 ml. of alcoho! 


Mgm. of insecticide per} 0.0 | 2.5 | 5.0 |25.0 |100 500 0.0 | 0.2 | 0.5 


totals) 


TABLE XIV 


melanogaster EXPOSED THE COATED VIAL TECHNIQUE 1-PHENYL- 
1-p-CHLOROPHENYL-2,2,2-TRICHLOROETHANE AND DDT (10 
VIALS FOR EACH DOSAGE, REPLICATED FOUR TIMES) 


1-Phenyl-1-p-chloropheny]- 
2,2,2-trichloroethane 


of insecticide per) 0.00 4.0 12.0 18.0 0.00 
10 ml. of acetone | 


Date of test Average percentage m 


Dec. 
Dec. 

Dec. 17 


% Mortality (based on 
totals) 


TABLE XVa 


COMBINED MORTALITIES melanogaster FROM SERIES EXPERIMENTS INVOLVING 30,000 
FLIES EXPOSED DDT THE IMPREGNATED PAPER TECHNIQUE 


Mgm. DDT per ml. alcohol 0.20 0.50 0.75 1.00 


51.1 


Average percentage mortality 5.95 18.6 41.2 


TABLE 


COMBINED MORTALITIES melanogaster FROM TWO EXPERIMENTS INVOLVING 18,000 FLIES 
EXPOSED DDT THE COATED VIAL TECHNIQUE 


Mgm. DDT per ml. acetone 0.25 0.50 0.75 1.00 1.50 3.00 


Average percentage mortality 54.0 56.2 64.8 84.2 


38.7 |92.7 |93.4 94.0 


ARCH. 


| } | Jad 

| 

i 


2, 
4 
> 
< 
~ 
Q 
< 
2 
=< 


PIAX 


| S + 
| > ~ ~ ~ ~ | 
. . . 
| o ~ ~ 
| | 
| ~ ~ 
| (—} - 
| 
| 
i] 3 o ” 
3 ~ ~ 
| a ~ N 
| a |- i 
| ~ 
} 
| } a a 
a = 
i] | 
~ 


PROVERBS AND MORRISON: INSECTICIDAL ACTION DDT AND OTHER 
TABLE 


melanogaster EXPOSED THE COATED VIAL TECHNIQUE 1,4-CHLORO- 
PHENYL-2,2,2-TRICHLOROETHANOL AND DDT. VIALS COATED WITH 
INSECTICIDE HR. PREVIOUS TESTING (50 VIALS FOR EACH 
DOSAGE. ENTIRE TEST COMPLETED ONE DAY) 


2,2,2-trichloroethanol 


Mam. of insecticide al 0.00 | 2.00 | 4.00 | 6.00 | 8.00 |10.00 | 0 00 | 0.10 | 0.20 | 0.30 | 0.40 0.80 
10 ml. acetone | 
Average percentage 0.27 | 1.47 5.47 {24.5 {41.9 [83.7 0.40 | 5.34 /24.5 42.0 |71.4 92.6 
| | | 


TABLE XVIc 


melanogaster EXPOSED THE COATED VIAL TECHNIQUE 
TRICHLOROACETOPHENONE AND DDT. VIALS COATED WITH INSECTICIDE 
HR. PREVIOUS TESTING (50 VIALS FOR EACH DOSAGE. 
ENTIRE TEST COMPLETED ONE DAY) 


| 
| p-Chloro-a@-trichloroacetophenone | DDT 
Mgm. of insecticide per 0.00 3.00 | 8.00 |12.00 |15.00 |20.00 | 0.00 | 0.10 | 0.20 | 0.30 | 0.40 0.80 
Average percentage 0.40 | 0.40 |34.4 (63.6 |76.0 (87.6 | 0.53 | 8.94 |38.1 (60.9 (79.3 95,2 
mortality | | | | | | | | 


TABLE XVII 


MorvTALitIEs oF D. melanogaster EXPOSED BY THE IMPREGNATED PAPER TECHNIQUE TO 
p-CHLORO-@-DICHLOROACETOPHENONE AND TO p-CHLOROACETOPHENONE; TO DETERMINE 
THE RESIDUAL EFFECT OF THE TWO INSECTICIDES. PAPERS IMPREGNATED TWO 
HOURS BEFORE THE DATE OF THEIR FIRST TEST (10 VIALS PER DOSAGE 
FOR EACH TEST. TESTS AT INTERVALS OVER 
A PERIOD OF THREE MONTHS) 


| 
insecticide 0.00 20.0 80.0 20.0 80.0 
per ml. acetone 
Date test Average percentage mortality 
Jan. 1.00 100.0 100.0 100.0 100.0 
Jan. 0.00 98.0 98.7 100.0 
Apr. 0.00 18.7 82.0 10.0 40.0 
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TABLE 


melanogaster SPRAYED WITH 666 AND WITH DDT 
(20 VIALS FOR EACH DOSAGE, REPLICATED FOUR 


Mgm. of DDT 
Mem. ot 666 in 10 ml. of 9.5% acetone in 10 ml. of 
— 9.5% alcohol 


1.00 


© Mortality (based on 3.14 |16.4 


totals) 


27.0 |72.4 |79.5 3.32 29.0 


TABLE 


melanogaster EXPOSED THE IMPREGNATED PAPER TECHNIQUE DDD, 
666, AND DDT; COMPARE THE RESIDUAL EFFECTS THE THREE INSECTICIDES. 
PAPERS IMPREGNATED HR. BEFORE THE DATE THEIR FIRST TEST (10 VIALS 
PER DOSAGE FOR EACH TEST. TESTS INTERVALS 
OVER PERIOD FOUR MONTHS) 


DDD 666 DDT 
insecticide per 0.00 15.00 0.05 0.10 0.25 1.00 
ml. acetone 

Date test Average percentage mortality 
Nov. 22/45 0.0 100.0 78.7 
Nov. 26/45 0.0 8.0 100.0 62.0 
Dec. 1/45 0.0 4.0 100.0 45.3 
Dec. 11/45 100.0 50.0 
Jan. 26/46 0.0 0.0 100.0 56.0 
Jan. 31/46 0.0 94.7 100.0 100.0 58.0 
Mar. 5/46 2.0 91.3 100.0 100.0 53.3 
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